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The s e a r c h  goes on (and on). Our aim1,2 i s  t o  which changes s i g n  wi th  a  f l i p  of  one, bu t  not  t h e  
measure p o l a r i z a t i o n  obse rvab l e s  s e n s i t i v e  t o  cha rge  o t h e r ,  o f  t h e  i n t e r a c t i n g  nucleon  s p i n s .  
symmetry breaking  (CSB) i n  n-p s c a t t e r i n g  a t  a  mean The d e t e c t o r  hardware,  e l e c t r o n i c s ,  f ront -end  
bombarding energy  of  188 MeV. S p e c i f i c a l l y ,  we p l an  t o  microprocessor  system, and a c q u i s i t i o n  s o f t w a r e  f o r  t h e  
measure l e f t - r i g h t  asymmetries i n  t h e  s c a t t e r i n g  of  CSB exper iment  a r e  now complete.  The p a s t  y e a r  has  
p o l a r i z e d  neu t rons  from p o l a r i z e d  p ro tons ,  t o  a  s e e n  a  d r ama t i c  improvement i n  t h e  s e t u p  and 
s t a t i s t i c a l  p r e c i s i o n  of -+5 x 10'~ i n  a  number of  c a l i b r a t i o n  procedures  we have developed t o  moni tor  
a n g l e  b i n s  spanning  t h e  range  60" < BCm(n) < 120". con t i nuous ly  t h e  o p e r a t i o n  of t h e  e x t e n s i v e  hardware 
From t h e s e  r e s u l t s  we can  e x t r a c t  i n fo rma t ion  about  t h e  and t o  match t h e  performance of  t h e  192 pho to tubes  used  
CSB d i f f e r e n c e  [AA(8) r An(8) - Ap(8)J between t h e  on t h e  mu l t i - c e l l ed  neut ron  d e t e c t o r s .  Ex t ens ive  
a n a l y z i n g  powers one would measure w i th  a  p o l a r i z e d  r e p l a y  of p r e l im ina ry  d a t a  a cqu i r ed  wi th  t h e  complete 
n e u t r o n  beam on an  unpo l a r i z ed  p ro ton  t a r g e t  [An(8)J s e t u p  du r ing  t h e  p a s t  yea r  has l e d  t o  a  c o n t i n u i n g  
and  w i th  an  unpo l a r i z ed  beam on a  p o l a r i z e d t a r g e t  r e f i nemen t  of ou r  a n a l y s i s  procedures  and has  
[Ap( 8) J .  Without a c c u r a t e  knowledge of t h e  beam and s t i m u l a t e d  more d e t a i l e d  thought about  and d e s i g n  of  
t a r g e t  p o l a r i z a t i o n s  we can,  i n  p a r t i c u l a r ,  de te rmine  expe r imen t a l  checks f o r  v a r i o u s  k inds  of s y s t e m a t i c  
t h e  a b s o l u t e  v a l u e  AA(OO) a t  t h e  a n g l e  where t h e  e r r o r s .  I n  o r d e r  t o  check and cance l  one p o s s i b l e  
ave r age  ana lyz ing  power A(8) : [ ~ ~ ( 0 ) + ~ ~ ( 8 ) ] / 2  c r o s s e s  s o u r c e  of s y s t e m a t i c  e r r o r ,  a s s o c i a t e d  wi th  in-p lane  
z e r o  (eOCm = 90" a t  our  ene rgy ) ,  and t h e  angu l a r  p o l a r i z a t i o n  components i n  t h e  beam and t a r g e t ,  i t  has  
dependence of t h e  r a t i o  AA(B)/A(B) a t  a n g l e s  s t r a d d l i n g  become impor tan t  t o  add t o  t h e  p o l a r i z e d  neu t ron  
80. The exper iment  is des igned  t o  y i e l d  a  s e n s i t i v i t y  f a c i l i t y  (PNF) a  superconduct ing  p r e c e s s i o n  s o l e n o i d  
t o  lAAl > 0.001, a t  which l e v e l  CSB e f f e c t s  a r e  f o r  t h e  primary p ro ton  beam and t h e  c a p a b i l i t y  of  
expec t ed  t h e o r e t i c a l l y  on t h e  b a s i s  of quark  mass sw i t ch ing  from t h e  l i q u i d  deuter ium (LD2) neu t ron  
d i f  f  e r ences3  and v a r i o u s  i n d i r e c t  e l e c t romagne t i c  p roduc t i on  t a r g e t  t o  a  s o l i d  carbon p roduc t i on  t a r g e t .  
c o n t r i b u t i o n s  ( s imul taneous  exchange of hadrons and These a d d i t i o n s  t o  t h e  PNF a r e  c u r r e n t l y  i n  p rog re s s ,  
photons)  t o  t h e  nuc l ea r  force .4  I n  cons ide r i ng  a long  wi th  s u b s t a n t i a l  m o d i f i c a t i o n s  t o  improve t h e  
p o s s i b l e  sou rce s  of  s y s t e m a t i c  e r r o r  i n  t h e  performance of t h e  p o l a r i z e d  p ro ton  t a r g e t  (PPT). 
measurement, i t  i s  impor t an t  t o  keep i n  mind t h a t  AA(8) P roduc t i on  running  on t h e  CSB exper iment  a w a i t s  t h e s e  
r e p r e s e n t s ,  o p e r a t i o n a l l y ,  a  l e f t - r i g h t  asymmetry remain ing  hardware m o d i f i c a t i o n s  and f u r t h e r  re f inement  
of  our  a n a l y s i s  procedures .  The major developments of  
t h e  p a s t  year  and t hose  s t i l l  under way a r e  summarized 
i n  more d e t a i l  below. 
A photograph of t h e  complete l e f t - r i g h t  symmetric 
d e t e c t o r  a r r a y s  f o r  t h e  CSB experiment i s  shown i n  Pig.  
1. Each arm c o n s i s t s  of  a  wedge-shaped p l a s t i c  
s c i n t i l l a t o r  p rov id ing  f a s t  t iming  and AE i n fo rma t ion  
f o r  t h e  d e t e c t e d  p ro tons ,  two x-y p a i r s  of  mu l t iw i r e  
p r o p o r t i o n a l  chambers (MWPC's), and a  96-ce l l  l i q u i d  
s c i n t i l l a t o r  d e t e c t o r  s e n s i t i v e  t o  both  neu t rons  and 
p ro tons .  The d e t e c t o r  a r r a y s  permi t  measurement of  t h e  
opening a n g l e  and c o p l a n a r i t y  of  d e t e c t e d  nucleon p a i r s  
w i th  s u f f i c i e n t  r e s o l u t i o n  t o  d i s t i n g u i s h  n-p f r e e  
s c a t t e r i n g  even t s  from most q u a s i f r e e  s c a t t e r i n g  
i n i t i a t e d  on nucleons  bound i n  contaminant  t a r g e t  
n u c l e i .  With t h e  same s e t u p  we can  a l s o  perform 
v a r i o u s  c a l i b r a t i o n  measurements and s y s t e m a t i c  e r r o r  
checks (de sc r i bed  below) i n  which two charged p a r t i c l e s  
a r e  d e t e c t e d  i n  co inc idence .  S i g n i f i c a n t  improvements 
t o  t h e  d e t e c t i o n  system du r ing  t h e  p a s t  yea r  have been 
made i n  t h e  p h y s i c a l  a l ignment  f l e x i b i l i t y ,  magnetic 
s h i e l d i n g  of  wedge s c i n t i l l a t o r  photo tubes  from t h e  PPT 
F i g u r e  1. Photograph of t h e  c o ~ n p l e t e  l e f t - r i g h t  symmetric d e t e c t o r  a r r a y s  f o r  t h e  CSB expericnent. During t h e  
exper iment ,  t h e  f r o n t  p l a s t i c  s c i n t i l l a t o r  and w i r e  chambers on each  arm a r e  r o l l e d  forward on t h e i r  r e s p e c t i v e  
r a i l s  from t h e  l o c a t i o n s  shown. The p o l a r i z e d  neu t ron  beam e n t e r s  from the  bottom of t h i s  p i c t u r e .  The p o l a r i z e d  
t a r g e t  dewar, dismounted from i t s  normal in-beam p o s i t i o n ,  i s  s een  i n  t h e  lower r i g h t  co rne r  of t h e  photograph.  
The l a s e r  used f o r  l i gh t -pu l s i ng  d i a g n o s t i c s  is mounted above t h e  s h i e l d i n g  w a l l  a t  t h e  r e a r  of t h e  p i c t u r e .  
superconducting holding field magnet, and uniformity of 
the firing pattern of neutron-detector phototubes with 
the laser-fiber optics diagnostic system. In addition, 
continued debugging of the electronics and front-end 
microprocessor system have eliminated a few types of 
infrequent but worrisome events with invalid or missing 
neutron detector or MWPC information. 
A major improvement has been made in the np 
free-scattering rate capability of the experiment. The 
count-rate limitation imposed by the front end was 
improved by more than 50% by replacing an LSI 11/23 
microprocessor with an LSI 11/73, and by further 
streamlining front-end software. We now can process 
200 events/second (with an average of -20 words per 
event) with dead times < 10%. At the same time, 
several additional modifications to the detector 
hardware (most notably, installation of a new veto 
scintillator to suppress quasifree scattering events 
initiated on the downstream wall of the PPT dewar) have 
produced a 50% increase in the ratio of free np 
scattering to total event rates (currently -1:5) seen 
by the computer. In production running, we now expect 
to use 60-70 nA of primary polarized proton beam 
(pulse-selected 1:2) on a 20-cm long LD2 production 
target, and a 1.0 g/cm2 yttrium ethyl sulfate (YES) 
crystal for the PPT. Under these conditions, we will 
acquire -35 free np events per second, summed over left 
and right detectors and over the full angle range 
covered. 
The most important developments of the past year 
are related to setup and calibration procedures for 
experiment runs. We have added to the on-line sorting 
software an extensive series of fast diagnostic checks 
for a variety of anomalies in the information read in 
for each event. The checks are designed to provide 
sensitivity to a wide range of potential hardware (both 
detector and electronics) problems. The user is 
notified if any specific type of error occurs in more 
than a preset fraction of the events acquired during a 
time interval of -5 minutes. Additional diagnostic 
checks, comparing various scaler sums and ratios with 
expected ranges of values, are performed by the 
acquisition code every time the PPT spin is being 
flipped (an operation requiring -1 minute, performed 
every 10 to 20 minutes). The automatic software 
diagnostics have not only vastly improved our speed and 
efficiency in setting up the experiment, but have made 
it possible to identify most hardware failures during a 
run within 10 minutes of their occurrence. 
The most important advance in calibration 
techniques is associated with matching the performances 
of the 192 neutron-detector phototubes. This is now 
done in-beam with the aid of software which 
automatically adjusts all tube voltages (via remote 
CAMAC control) and software timing offset parameters 
for each cell, in order to match proton pulse height 
and neutron time-of-flight information as a function of 
scattering angle to desired kinematic loci. Since the 
recoil protons from free np scattering make it into the 
liquid scintillator detectors only over -3 /4  of the 
angle range covered (i.e., for Oplab < 52"), the n-p 
data are complemented for the pulse height gain 
optimization by p-d elastic scattering data (yielding 
protons in the liquid scintillator for 37' < 81ab < 
61'). The latter are acquired by switching off the PNF 
charged-particle sweeping magnet to obtain a secondary 
proton beam and using a CD2 secondary target. 
The p-d scattering runs also play a vital role in 
angle and efficiency calibrations of the CSB detectors. 
For the angle calibration we detect protons and 
deuterons from elastic scattering events in coincidence 
on the two arms and adjust detector geometry parameters 
t o  match the  observed angle  c o r r e l a t i o n  t o  the  
k inemat ic  expecta t ion.  In  p a r t i c u l a r ,  t he  wel l  def ined 
kinemat ic  c ross ing  ( see  Fig. 2) where the  protons  and 
deuterons  emerge a t  t he  same l abora to ry  angle  (51.22" 
f o r  177 MeV i n c i d e n t  protons) a l lows an abso lu te  
c a l i b r a t i o n  of the  d e t e c t o r  pos i t i ons .  In  combination 
wi th  var ious  consis tency checks performed i n  proton 
ray- t rac ing f o r  p-p e l a s t i c  s c a t t e r i n g  events ,  t he  p-d 
d a t a  a l low angle  measurements i n  the  CSB experiment 
wi th  an abso lu te  accuracy -0.1' and with a r e l a t i v e  
accuracy (between l e f t  and r i g h t  d e t e c t o r  arms) of a 
few hundredths of a degree. For the  purposes of 
neutron-detector  e f f i c i e n c y  c a l i b r a t i o n s  we compare 
d(p,pn) and d(p,2p) y i e l d s  i n  quas i f r ee  geometry over 
t h e  e n t i r e  angle  range spanned by the  de tec to r s .5  The 
complete se tup  of the  exper iuent  and performance of a l l  
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Figure  2. Observed angular  c o r r e l a t i o n  between protons  
and deuterons  de tec t ed  i n  coincidence wi th  the  CSB 
d e t e c t o r s  fo l lowing e l a s t i c  s c a t t e r i n g  of t h e  secondary 
p ro ton  beam from a CD2 t a r g e t .  Software c u t s  on t h e  
energy l o s s e s ,  f l i g h t  t imes,  and c o y l a n a r i t y  of t h e  
d e t e c t e d  p a r t i c l e s  have been used t o  i d e n t i f y  t h e  p-d 
e l a s t i c  even t s  c l ean ly .  The two groups correspond t o  
t h e  d e t e c t i o n  of p vs.  d i n  the  l e f t  d e t e c t o r  arm. 
These d a t a  a l low an  accura t e  a b s o l u t e  ang le  c a l i b r a t i o n  
of  the  d e t e c t o r s  ( see  t e x t ) .  
of t he  above c a l i b r a t i o n  procedures can now be c a r r i e d  
out  i n  6-7 s h i f t s  of beam time. 
Replay of pre l iminary  d a t a  acquired with n and p 
secondary beams i n c i d e n t  on the  PPT has been a major 
cont inuing e f f o r t  during the  pas t  year.  Most of t he  
r ep lay  has been c a r r i e d  out on the  Har r i s  a c q u i s i t i o n  
computer, us ing our now ex tens ive ly  modified ve r s ion  of 
the  code RAQUEL. With t h i s  ve r s ion  we now have access  
t o  -50K words of core  f o r  histogram s to rage ,  which i s  
adequate f o r  most data-sor t ing purposes. However, we 
env i s ion  some of the  replay of CSB d a t a  t o  be c a r r i e d  
out  a t  IUCF, and a l l  of t he  replay t o  be performed i n  
p a r a l l e l  by c o l l a b o r a t o r s  a t  t he  Univers i ty  of 
Wisconsin and Hope College,  t o  u t i l i z e  VAX 11/750 
computers. For t h i s  reason s i g n i f i c a n t  e f f o r t  was 
devoted during the  pas t  year  t o  wr i t ing  appropr i a t e  
sof tware  t o  analyze  CSB event tapes  with the  VAX 
ver s ion  of the  code LISA (obta ined from Argonne 
Nat ional  Laboratory).  
The r ep lay  of da t a  has been focused p r imar i ly  on 
understanding the  d e t e c t o r  responses i n  q u a n t i t a t i v e  
d e t a i l ,  opt imizing the  d i sc r imina t ion  of f r e e  from 
q u a s i f r e e  np s c a t t e r i n g  events ,  and developing a n a l y s i s  
procedures which mini~nize s e n s i t i v i t y  t o  var ious  
poss ib l e  sources  of sys temat ic  e r r o r  i n  the  CSB 
measurement. Experimental r e s u l t s  on the neutron 
d e t e c t o r  response can now be compared i n  d e t a i l  with 
p red ic t ions  of a Monte Carlo code which has been 
ex tens ive ly  improved and run during the  pas t  year.  
Spec ia l  emphasis has been placed on searching f o r  
p o s s i b l e  spin-dependence i n  the  neutron d e t e c t o r  
response t h a t  might produce sys temat ic  e r r o r s  i n  the  
CSB measurement; with the  exception of small  e f f e c t s  i n  
edge c e l l s  of t he  d e t e c t o r s ,  which can be removed by 
s u i t a b l e  software ga t ing ,  we have t o  d a t e  seen no 
evidence f o r  s i g n i f i c a n t  spin-dependence i n  the  
response in either the Monte Carlo calculations or in 
the real data. 
Discrimination against quasifree scattering is 
obtained by placing software cuts appropriate to free 
scattering on a variety of parameters: opening angle 
and coplanarity of the detected nucleon pairs; event 
vertex location (from the proton-arm ray-trace) in the 
YES target region; proton flight time to the start 
scintillator with respect to the cyclotron rf signal 
(providing incident neutron energy information); proton 
energy loss in the start scintillator vs. scattering 
angle; neutron time of flight vs. scattering angle; 
etc. These cuts are applicable over the entire angle 
range spanned by the detectors (25' < elab < 61'); 
additional cuts available on the pulse height and 
flight time of protons which make it into the liquid 
scintillator restrict the angle range to eplab < 52'. 
Without the latter cuts, we typically obtain -50:l 
f ree/quasif ree event ratio with the PPT (in which there 
are -9 bound protons for every free proton), while 
discarding -20% of the free-scattering events; the 
proton information from the liquid scintillator yields 
another factor of -2 improvement in this ratio. This 
discrimination is adequate for performance of the CSB 
experiment to the desired sensitivity since, as 
discussed below, we have independent means for 
measuring the shape of the quasifree background in the 
region of the free-scattering opening-angle peak, and 
also because the analyzing power of the quasifree 
scattering is near zero. 
The data from which we actually deduce 
+ + 
spin-dependent observables for the n-p scattering are 
contained in histograms such as shown in Fig. 3. Here 
spectra of counts vs. measured proton angle, acquired 
on a single event tape and gated by all the cuts 
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Figure 3.  Typical spectra observed in the CSB 
experiment (here for one event tape's worth of data) 
for the measured laboratory angle of the protons 
from free $-$ scattering events. Spectra are 
shown for the eight different combinati~ns~of proton 
detector arm, ?f beam spin projection, and p target 
spin projection. The "wiggles" in each spectrum are 
statistical fluctuations "smoothed" by the plotting 
routine. From such spectra we calculate (on-line 
during the experiment) all polarization observables of 
interest. 
defining free-scattering events, are shown for the 
eight "spin" states corresponding to the different 
+ 
combinations of proton detector arm (left or right), n 
-+ 
beam spin (up or down), and p target spin (up or down). 
We have recently implemented software which can be 
called from the data acquisition program to use such 
spectra, together with n flux monitor spectra for the 
various beam-target spin states, to calculate all 
spin-dependent observables of interest as a function of 
angle. The calculated observables include, for 
example: the analyzing power An(B) ; the spin 
correlation parameter CNN(9); the target polarization 
deduced under the assumption that AA(8)zO; the ratio of 
left-to-right detector efficiencies deteruined 
independently from runs with beam and target spins 
p a r a l l e l  and from runs  w i th  a n t i p a r a l l e l  s p i n s ;  and a 
CSB obse rvab l e ,  
whose angle-dependence is independent  of  n beam 
i n t e g r a t i o n .  These c a l c u l a - t i o n s  permi t  p e r i o d i c  
on - l i ne  moni tor ing  of s e n s i t i v i t y  t o  s y s t e m a t i c  e r r o r s  
and  cons i s t ency  checks on t h e  accumulated da t a .  
The s y s t e m a t i c  e r r o r s  of g r e a t e s t  concern  i n  t h e  
exper iment  a r i s e  from i n s t r u m e n t a l  e f f e c t s  which 
d i r e c t l y  s i m u l a t e  CSB, i n  t h a t  t hey  cause  l e f t - r i g h t  
asymmetr ies  which change s i g n  when one (beam or 
(<+ PPT)- (Z + DUMMY TARGET), WITH FREE - SCATTERING CUTS 
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t a r g e t ) ,  bu t  n o t  t h e  o t h e r ,  of  t h e  nucleon  s p i n s  i s  
F igu re  4. Opening-angle spectrum ob t a ined  f o r  neu t rons  
f l i p p e d .  One such e f f e c t  a r i s e s  from t h e  ana lyz ing  bombarding t h e  p o l a r i z e d  pro ton  t a r g e t  [Yb-doped 
+ Y(C2HgS04)3*9820], a f t e r  s u b t r a c t i o n  of a quas i - f r ee  
power f o r  n-p q u a s i f r e e  s c a t t e r i n g  from bound (hence,  background determined from measurements w i th  neu t rons  
i n c i d e n t  on carbon,  t e f l o n ,  KEL-F (C2F3C1), and Y2O3 
unpo l a r i z ed )  p ro tons  i n  t h e  t a r g e t .  I n  o r d e r  t o  t a r g e t s .  I d e n t i c a l  f r e e - s c a t t e r i n g  c u t s  (not i n c l u d i n g  
p ro ton  i n fo rma t ion  from the  l i q u i d  s c i n t i l l a t o r )  have 
minimize t h i s  e f f e c t ,  we r e q u i r e  a c c u r a t e  knowledge of been a p p l i e d  t o  t h e  d a t a  f o r  a l l  t a r g e t s  b e f o r e  t h e  
s u b t r a c t i o n .  A f t e r  t h e  s u b t r a c t i o n ,  t h e  background 
t h e  shape of t h e  q u a s i f r e e  background undernea th  t h e  undernea th  t h e  f r e e - s c a t t e r i n g  peak i s  reduced t o  
- 0.1% of t h e  peak a r e a .  
f r e e  s c a t t e r i n g  peak i n  our  opening-angle s p e c t r a .  We 
i n t e n d  t o  measure t h i s  background shape by two a s s o c i a t e d  w i th  t h e  bending of p ro tons  i n  t h e  PPT 
complementary methods, one u s ing  t h e  secondary  p ro ton  ho ld ing  f i e l d ,  i s  i l l u s t r a t e d  by Fig.  5. When no 
+ 
beam t o  s t udy  (p,pn) q u a s i f r e e  s c a t t e r i n g  c o r r e c t i o n  is made i n  t h e  so f twa re  f o r  t h e  p ro ton  bend 
("uncontaminated" by f r e e  s c a t t e r i n g )  from t h e  PPT, and (- lo f o r  t h e  u s u a l  hold ing  f i e l d  s t r e n g t h  of  0.1 T ) ,  
+ 
t h e  second i n v e s t i g a t i n g  (n,np) s p e c t r a  from an  t h e  opening a n g l e  l e f t - r i g h t  d i f f e r e n c e  s p e c t r a  
e s s e n t i a l l y  hydrogen-free t a r g e t  s i m i l a r  i n  o t h e r  d i sp l ayed  c l e a r l y  e x h i b i t  a  spu r ious  asymmetry which 
c o n t e n t s  t o  YES. An example of t h e  opening-angle changes s i g n  w i th  t h e  PPT f i e l d  d i r e c t i o n .  A s imp le  
spec t rum ob t a ined  a f t e r  s u b t r a c t i o n  of t h e  q u a s i f r e e  f i r s t - o r d e r  f i e l d  c o r r e c t i o n  made on a n  event-by-event 
background determined w i th  such  a hydrpgen-free t a r g e t  b a s i s  i n  t h e  so f twa re  removes t h i s  e f f e c t  t o  a l a r g e  
i s  shown i n  Fig. 4. I n  a s i m i l a r  way, we i n t e n d  t o  e x t e n t  ( s e e  Fig.  5), but  not  adequa t e ly  f o r  t h e  d e s i r e d  
make in-beam measurements t o  t e s t  s e n s i t i v i t y  t o ,  and CSB s e n s i t i v i t y  ( f o r  which purpose we must c o r r e c t  f o r  
a i d  i n  c a n c e l l i n g ,  v a r i o u s  o t h e r  t ypes  of  s y s t e m a t i c  t h e  bend ang l e  t o  a n  accuracy  -20.04O over  t he  e n t i r e  
e r r o r .  I n  many c a s e s ,  t h e  s e n s i t i v i t y  t e s t s  i nvo lve  p-p a n g l e  range  spanned by t h e  d e t e c t o r s ) .  A so f twa re  
s c a t t e r i n g  of t h e  secondary  p ro ton  beam from t h e  PPT. c o r r e c t i o n  based on a more s o p h i s t i c a t e d  f i e l d  map 
Two p a r t i c u l a r l y  worrisome i n s t r u m e n t a l  sou rce s  of  should  p rov ide  t h e  nece s sa ry  accuracy ,  and can be 
+ + 
asymmetry which f l i p  wi th  t h e  PPT s p i n ,  bu t  n o t  t h e  checked expe r imen t a l l y  i n  n-p s c a t t e r i n g  runs  w i th  t h e  
beam s p i n ,  a r e  worthy of uent ion .  The f i r s t ,  t a r g e t  unpo l a r i z ed  but  t h e  hold ing  f i e l d  on a t  l a r g e r  
8 
o~eninq spectra : PL - PR difference for $ + PPT 
-- 
TARGET SPIN UP TARGET SPIN DOWN 
WITHOUT FIELD CORRECTION 
Figu re  5. S p e c t r a  i l l u s t r a t i n g  t h e  spu r ious  asymmetry a s s o c i a t e d  w i th  t h e  bending of d e t e c t e d  p ro tons  i n  t h e  
p o l a r i z e d  t a r g e t  ho ld ing  f i e l d .  A l l  f o u r  s p e c t r a  a r e  f o r  t h e  measured opening a n g l e  between d e t e c t e d  n-p p a i r s  
(w i thou t  f r e e - s c a t t e r i n g  c u t s ) ,  w i t h  coun t s  added t o  t h e  spec t rum when t h e  p ro ton  is  d e t e c t e d  on t h e  beam l e f t  
s i d e  and s u b t r a c t e d  f o r  beam-right pro tons .  The b i p o l a r  peaks i n  t h e  upper s p e c t r a ,  a r i s i n g  from t h e  bend of t h e  
p ro tons  toward s m a l l e r  a n g l e s  on one s i d e  and l a r g e r  a n g l e s  on t h e  o t h e r ,  a r e  l a r g e l y  removed by t h e  s imp le  
s o f t w a r e  f i e l d  c o r r e c t i o n  i nc luded  i n  r ep l ay ing  t h e  same d a t a  f o r  t h e  lower s p e c t r a .  More a c c u r a t e  f i e l d  
c o r r e c t i o n s  a r e  needed i n  t h e  u l t i m a t e  d a t a  a n a l y s i s .  
WITH 1st-ORDER FIELD CORRECTION 
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t h a n  normal va lue s .  Another,  independent ,  check of  t h e  t h e  NMR v a l u e ,  i n  t h e  p r e sence  of a high-power r f  
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ze ro - c ro s s ing  of t h e  p-p ana lyz ing  power measured w i th  Another sou rce  of  s y s t e m a t i c  e r r o r  i s  a s s o c i a t e d  
a n  unpo l a r i z ed  secondary  p ro ton  beam and t h e  PPT. An w i t h  in-p lane  components i n  t h e  beam and t a r g e t  
+ 
a d d i t i o n a l  l e v e l  of  i n su rance  a g a i n s t  s y s t e m a t i c  e r r o r s  p o l a r i z a t i o n s .  The n beam, under  a l l  c i r cums t ances ,  







3 100. 100. E 
p e r i o d i c a l l y  f l i p p i n g  t he  PPT s p i n  d i r e c t i o n  wi thout  t h e  primary p ro ton  beam s p i n  s t a t e .  Th i s  component 
+ 




d a t a  w i l l  be a c q u i r e d  w i th  PPT s p i n  and f i e l d  r e a c t i o n ,  which has  a magnitude -0.1 a t  ou r  p roduc t i on  
0- 
I I I I I 1 I 
- 
a n t i p a r a l l e l .  The l a t t e r  method of s p i n  r e v e r s a l  can a n g l e  81ab=100. S ince  our  p roduc t i on  p l ane  is  
I I I I 1 I I ,  -100- 
be  achieved  w i t h  less than  10% p o l a r i z a t i o n  l o s s  by v e r t i c a l ,  t h e  r e s u l t i n g  neu t rons  t h u s  have an  unwanted 
40 60 80 100 120 40 60 80 100 1 20 
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" a d i a b a t i c  f a s t  passage" of t h e  hold ing  f i e l d  through sideways p o l a r i z a t i o n  (pSbeam), which can  be p r ece s sed  
i n  t h e  h o r i z o n t a l  p lane  through a n  a n g l e  up t o  240" 
when t h e  neu t rons  pass  through t h e  PNF sweeping magnet. 
T h i s  non-f l ipp ing  in-p lane  beam p o l a r i z a t i o n  component, 
i f  combined w i th  in-p lane  components i n  t h e  t a r g e t  
which po f l i p  when t h e  PPT s p i n  is r eve r sed  (w i th  o r  
w i thou t  accompanying f i e l d  r e v e r s a l ) ,  can produce a  
s p u r i o u s  CSB asymmetry v i a  t h e  s p i n  c o r r e l a t i o n  
+ + 
parameters  CSK and CKS f o r  n-p s c a t t e r i n g .  These 
c o r r e l a t i o n  parameters  a r e  u n f o r t u n a t e l y  l a r g e  i n  
magnitude (-0.5) a t  our  energy and ang l e s .  I n  o r d e r  t o  
a t t a i n  t h e  d e s i r e d  s e n s i t i v i t y  t o  CSB e f f e c t s ,  we need 
t o  en su re  t h a t  t h e  h o r i z o n t a l  ( e s p e c i a l l y  t h e  
longi tudina l - -PL)  components i n  t h e  PPT p o l a r i z a t i o n  
a r e  < 0.5% of i t s  v e r t i c a l  p o l a r i z a t i o n .  C a n c e l l a t i o n  
o f  sma l l  h o r i z o n t a l  f i e l d  components can be 
accomplished w i th  c o r r e c t i o n  c o i l s  p o s i t i o n e d  o u t s i d e  
t h e  PPT dewar and h igh  s t a t i s t i c s  measurements of  p L t g t  
+ + 
and pStgt v i a  s p i n  c o r r e l a t i o n  s t u d i e s  f o r  p-p 
s c a t t e r i n g .  An a p p r o p r i a t e  secondary  p ro ton  beam f o r  
t h e s e  c o r r e c t i o n  measurements, w i th  l a r g e  (-0.6-0.7) 
sideways p o l a r i z a t i o n ,  can  be produced by s c a t t e r i n g  a  
s ideways  p o l a r i z e d  primary p ro ton  beam from a  sp in-zero  
(e.g. ,  12c )  p roduc t i on  t a r g e t .  ( S i n c e  t h e  p roduc t i on  
p l a n e  is  v e r t i c a l ,  t h e  primary and secondary  beam 
s ideways  p o l a r i z a t i o n s  a r e  connected  by t h e  s p i n  
t r a n s f e r  parameter  DNN, which must be u n i t y  f o r  e l a s t i c  
s c a t t e r i n g  from a  s p i n l e s s  t a r g e t . )  I n s t a l l a t i o n  o f  a  
s u i t a b l e  superconduct ing  s p i n  p r e c e s s i o n  s o l e n o i d  i n  
t h e  primary p ro ton  beam l i n e  and c o n s t r u c t i o n  of t h e  
PPT f i e l d  c o r r e c t i o n  c o i l s  needed f o r  t h e s e  a u x i l i a r y  
+ + 
p-p measurements w i l l  be c a r r i e d  o u t  du r ing  t h e  f i r s t  
few months of  1985. 
The p o l a r i z e d  p ro ton  t a r g e t ,  under  development f o r  
some y e a r s  a t  t h e  Un ive r s i t y  of  Wisconsin,  was 
t r a n s p o r t e d  t o  IUCF and i n s t a l l e d  i n  t h e  PNF a r e a  i n  
t h e  s p r i n g  of t h i s  p a s t  year .  However, f u r t h e r  
development work on t h e  PPT is  now needed i n  e a r l y  
1985. Our performance g o a l s  f o r  t h i s  t a r g e t  a r e  
maximum p ro ton  p o l a r i z a t i o n s  of Pmax = 0.55-0.60, w i t h  
r e l a x a t i o n  t imes  ( ~ 1 1 ~ )  -50 hours.  These 
s p e c i f i c a t i o n s  were met i n  e a r l y  t e s t s  of  t h e  t a r g e t  
w i t h  a  s m a l l  YES c r y s t a l ,  f o r  which a  t empe ra tu r e  T  = 
0.6 K was main ta ined  wh i l e  sp inn ing  t h e  c r y s t a l  i n  a  B 
= 1.1 T p o l a r i z i n g  f i e l d .  We have, f o r  a  v a r i e t y  of  
r e a sons ,  exper ienced  much poorer  performance w i th  t h e  
+ + 
l a rge - a r ea  t a r g e t  c r y s t a l s  used t o  d a t e  i n  n-p t e s t  
r uns  a t  IUCF (P, - 0.2, - 20 h, T  1.0 K, 
B = 0.95 T). Improvements under way t o  add re s s  t h e s e  
problems i n c l u d e  growing new YES c r y s t a l s ,  rewinding  
t h e  superconduct ing  p o l a r i z i n g  f i e l d  c o i l ,  r educ ing  t h e  
t a r g e t  a r e a ,  and i n c r e a s i n g  t h e  f low of  co ld  He g a s  t o  
t h e  bea r i ngs  and of  l i q u i d  He s p r a y  t o  t h e  t a r g e t  
c r y s t a l s  themselves.  We have a l s o  r e c e n t l y  g r e a t l y  
improved t h e  t r app ing  of  contaminant ga se s  i n  t h e  3 ~ e  
i n l e t  l i n e s  f o r  t h e  PPT, t he r eby  a m e l i o r a t i n g  a  
l ongs t and ing  problem wi th  p e r i o d i c  f r e e z i n g  i n  t h e  3 ~ e  
t ubes  i n s i d e  t h e  dewar. It i s  hoped t h a t  t h e  PPT 
m o d i f i c a t i o n s  w i l l  be completed i n  May, 1985, e n a b l i n g  
p roduc t i on  running  on t h e  CSb experiment d u r i n g  t h e  
summer and f a l l .  
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